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INTRODUCTION
Diluted magnetic semiconductor (DMS) is one of the key elements in spintronics. The idea of a DMS, where a few percent concentration of appropriate atoms is substituted at the cation sites of the host semiconductor, is appealing because such a system may have both semiconducting and ferromagnetic properties. The materials show the half metallic ferromagnetism (HMF) and high spin polarization at fermi level (E F ) which is the essential property to make spintronic devices. There exists plethora of experimental [1, 2] and theoretical [3, 4] studies which focus on crucial properties of DMS compounds. From last few years, transition metal (TM) doped oxide type DMS compounds, also famous by the name, Diluted Magnetic Oxide (DMO), have attracted much attention of the researchers due to the possibility of improved HMF mediated by Oxygen vacancy. This kind of study is very useful to design new spintronics devices like spin valves, spin light emitting diodes, magnetic sensors, logic devices and ultra-fast optical switches. Due to the well known catalytic properties, CeO 2 easily forms stable Oxygen vacancy (Vo), so a clear connection between magnetic behavior and these vacancies is yet to be established. Thus, the other aim of this paper is to check the role played by Vo in ferromagnetic exchange and half metallicity in Ni-doped CeO 2 . In order to support the experimental observations, we planned to remain focused on some ground state properties of Ni-doped CeO 2 and to ascertain the DMS characteristics for the same at Ni-concentration (x = 0.125) theoretically.
THEORETICAL APPROACH
The ground state calculations of CeO 2 including the effect of both Ni-doping and oxygen Vo at doping concentration, x = 0.125, have been performed using FPLAPW method based on Density Functional Theory (DFT) [5] as implemented in WIEN2k code [6] . The DFT + U is one of effective schemes to cope with the correlation effects, in which a Hubbard U term is added to the generalized gradient approximation (GGA), which yields the correct ground state description of CeO 2 in comparison with experiments. The XC potentials were constructed using GGA+U [7] formalism in which Coulomb correction is applied to standard GGA functional within the parameterization of Perdew-Burke-Ernzerhof (PBE) [8] . The value of effective Hubbard parameter (U eff ) was taken to be 5.30 eV for the Ce-f states [9, 10] . In the present supercell approach one Ce atom at (0,0,0) in the supercell of CeO 2 was replaced by Ni atom. In order to generate 12.5 % Ni-doping in CeO 2 , a tetragonal supercell, (2×1×1) was constructed. Additionally, the effect of Vo was taken into account by keeping one O-site vacant in respective supercell.
RESULTS AND DISCUSSION
We have found that the ground state properties of bulk CeO 2 compound get modified significantly due to the substitution of Ni-dopant at the cation (Ce) site with/without V O as shown in Fig 1(a) . Some new states have been formed at E F which accounts for the magnetism in the resultant compounds.. The equilibrium values of optimized lattice parameter of CeO 2 is (5.46 Å) which is in good agreement w.r.t. experiment value (5.41 Å) [5] .
In Ni-doped CeO 2 , the hybridization of O-p states with Ni-d states in the vicinity of E F results ferromagnetism in this compound. But, due to well known catalytic property, the inclusion of V O in the calculations is very essential in order to serve as authentic simulated data for realistic comparison with experiments in future. Therefore, when we include V o also with doping, the resultant DMO system not only show ferromagnetism but also get fully spin polarized (P = 1) in majority spin channel with a HM gap at E F as shown in Fig. 1 . The oxygen vacancies pull the Ce-d and f states closer to E F as compared to doped and undoped CeO 2 without V O , and some part of Ce-f states in CB even cross E F . The interaction of O-p states with Ni-d states and Ce-f states (shown in Fig 2) , open the HM gap in majority spin with partial occupation of E F by Ce-f states and Ni-e g states (doubly degenerated d-states) in minority spin channel. This is due to the reason that a V O creates two electrons to the Ce sub-lattice which remains localized on the f-level traps of two neighboring Ce and/or Ni-atoms [12, 13] , which altered the formal valence of these atoms from tetrahedral to trivalent. The spin polarization in Ce 0.875 Ni 0.125 O 2 with V O at E F in majority spin channel is due the existence of the exchange interaction between these trivalent Ni ions and the carriers captured by V O . This means 
SUMMARY AND CONCLUSIONS
A full potential approach has been used to calculate the HM gap in majority spin channel of Ce 0.875 Ni 0.125 O 2 DMO compound with V O. The presence of half metallicity in resultant compound confirms the major role played by the oxygen vacancy. This appearance of HMF makes this compound suitable for practical spintronic devices. The total magnetic moment of studied compound with and without V O is mainly governed by Ni-atom due to the presence of energetic Ni-d states. The F-center mediated exchange interaction is responsible for HMF in Ni-doped CeO 2 with V o .
